Six continuous flow CPAP devices were tested for pressure fluctuation and stability of inhaled oxygen concentration under conditions of simulated respiration. Four of the systems, the Ambu, Auspap, Downs'-Vital Signs and the Drager are commercially available and two, the Prince Henry (PHH) and the Prince of Wales (POW) systems were assembled from Bird respirator parts, which were available in the respective Intensive Care Units. All appeared to be clinically effective. The Ambu offers convenience and economy of gases, the Drager showed the least pressure fluctuations. Three of the four commercial systems lacked certain safety features which could more easily be added to the two non-commercial devices.
breathing. Collateral channels may also play a part in re-expansion of atelectatic lung during CPAP. 3 The second mechanism is the substitution of positive airway pressure to perform some of the work of inspiration which may occur when active exhalation reduces end-expiratory lung volume below resting equilibrium level. This substitutes work by expiratory muscles for some of the work of inspiration. In cardiogenic pulmonary oedema CP AP-induced reduction in venous return and cardiac preload may also be beneficial. 2 ,4 Although initially circuits were devised which ensured expiratory positive pressure only (EPAP), continuous positive pressure devices (CPAP) are probably more effective. 5 When considering the difference between the two systems, the reduction in the airway pressure during inspiration (with EP AP), which is accompanied by lung expansion, will have no adverse effect on the FRC. The fluctuations in pressure during the respiratory cycle, however, represent the external work load. It is possible that collateral gas flow is also adversely affected by inspiratory pressure falls. In this paper we therefore report the results of bench top tests carried out on four commercially available CP AP circuits, as well as two which were put together from readily available parts in our Intensive Care Units, where they have been extensively used. We measured the airway pressure fluctuations under simulated conditions of constant ventilation. Where relevant we also tested stability of the FP2 under in vitro conditions and assessed the noise generated by the various circuits. fully negative pressure mode, set at 500 ml volume with a frequency of 30 s.minute -1 to simulate the breathing of a dyspnoeic patient ( Figure 1 ). During the preliminary testing stages we also tested the Auspap, Downs' and PHH sets variously at 15 x 500 ml.min -1 and 12 x 1000 ml.min -1 ventilation, but as this added nothing material to our results they are not reported. Airway pressures were measured with a Hewlett Packard piezoelectric pressure transducer from a point near the bellows of the Pulmomat and recorded on a Watanabe chart recorder. The pressure line was kept short, and like the transducer dome, was filled with water to minimise damping. When devices were tested which had venturi flow generators or a ve~turi device was used to generate the expiratory reSIstance, a fuel cell oxygen analyzer calibrated in air and pure oxygen, was also insertei in the circuit immediately upstream from the dummy patient: Where the Ambu variable resistance valve was used (Ambu, Drager, POW), it was set for the nominal test pressure. For tests on the Auspap, the nominal pressure was set on the incorporated gauge, at end o~ exhalation. The other two devices (Downs' -Vital SIgnS, PHH) had a selection of replaceable springloaded exhalation valves with various nominal pres~ures. Th~ Auspap was tested with bags of varYlllg capaCIty and of both latex and conductive rubber and where gas flow was from a flowmeter (Auspap, Drager, PHH, POW), tests were carried out at several flow rates. Humidifiers were not included in the circuits under test.
The devices were evaluated for pressure stability during the respiratory cycle, where relevant, for Fj02 and the noise level was judged subjectively. Our comments concerning satisfactory performance are based on clinical use and patient acceptance of the various circuits. The Ambu system? consists of a jet venturi delivering a near constant air-oxygen mix into a high compliance 4-litre reservoir bag which bears a pressure indicator. Further oxygen enrichment is possible through an auxiliary gas inlet. The system includes an air entrainment valve, in case of gas supply .failure. This assembly can clamp to any convement surface such as a drip stand, and is connected through a one-way valve to a lightweight disposable Y set with an Ambu CP AP valve at the distal end. This also clips to the assembly body so that there is little drag on the patient end of the Y. The air intake on the venturi passes through a TABLE 2 Performance of the Auspap CPAP system. The system was tested using three flows from a blender fitted with a high output flow meter, using a disposable, Bennett type valve and in a Y-circuit configuration with resistance generated directly by a venturi. The pressure (in cm H 2 0) was set on the gauge of the system at end expiration, and the measured pressures are shown as the range recorded during a 'respiratory cycle, in cm H 2 0. With 20 l.min-J fresh gas flow into the Y-circuit, 20 cm H 2 0 pressure was not attained. Table 1 . The oxygen concentration delivered by the venturi was stable between 35 and 37%.
Gauge

The Auspap system
This system relies on a venturi to generate positive pressure in the exhalation valve, rather than a mechanical threshold valve. This is connected to the 399-400 kPa air or oxygen supply, independently of the breathing gases. It is freestanding and like the Ambu, can use lightweight disposable tubing and Y-piece configuration, which puts little weight on the patient, a significant advantage. In this configuration (referred to as the Y configuration in this paper) pressure loading is effected directly by the venturi at the exhalation port. Alternatively, this venturi can be used to generate pressure to 'load' the mushroom of a Bennett type exhalation valve (see Figure 2 ). Tests were carried out in three configurations: using a resterilizable valve, similar to that of the ICU version of the Campbell ventilator, a disposable valve suitable for the Bennett MA 1 ventilator and in the Y configuration with the venturi acting directly as the threshold resistor. The circuit can be joined to any comfortable well fitting face mask. The system is housed in a small sturdy box, fitted with an aneroid pressure gauge, which measures pressure just distal to the fresh gas inlet, which needs to be connected to a high flow SOurce such as a blender and flowmeter. A high compliance 25-litre latex bag is used to reduce pressure fluctuations. Both corrugated and smooth bore tubing were tried. There was little difference in the performance of the two valves, with the disposable one marginally the better. Users therefore have the option of a disposable or re-usable patient circuit and the type of tubing used made no measurable difference. To reduce the noise generated by the venturi, a Pall breathing circuit bacterial filter was fitted to the exhalation port. This did not alter performance. The results of the tests are shown in Table 2 . When using the Y configuration with only 20 l.min -I fresh gas flow, the system failed to generate more than 14 cm H 2 0 positive pressure, but when the flow was increased to 40 l.min -1 more than 20 cm H 2 0 pressure could be generated. Using a 5-litre conductive rubber anaesthetic bag Or a I5-litre latex bag degraded the performance of the system. For example at a set pressure of 10 cm H 2 0, the 5-litre bag resulted in pressure fluctuation of 3-9 cm H 2 0 and the 15-litre of 6-9 cm H20. A 25-litre conductive veterinary anaesthetic bag gave results which were similar to those with the latex bag which was supplied with the set. The gas driving the venturi resistor did not flow back into the circuit to affect the F102, which remained stable at the value set at the blender throughout the tests. The Downs'-Vital Signs system The Downs' adjustable flow generator is an oxygen-driven jet venturi, with an adjustable oxygen bypass which serves to increase the oxygen concentration in the delivered gas. 7 It is designed to deliver total gas flows in the 25 to 100 l.min -1 range and can be connected through a suitable corrugated tube to a Vital Signs CPAP mask. The latter is a clear plastic mask with a large inflatable cushion to prevent pressure effects to the patient's face. It is 'disposable', but can also be cleaned and gas sterilized. It has large one-way inlet and outlet valves and a threshold resistor valve ranging in nominal resistance from 2.5 to 20 cm H 2 0 can be attached. For the tests the flow generator was set to deliver maximum flow, in order to record its best performance. Measuring the flow was beyond the capacity of our pneumotachograph but has been reported to be in excess of 100 l.min - 1. 8 Tests were carried out with the bypass off and fully on. We also cm H20 tested the circuit with the addition of a 5-litre bag near the flow generator, but this reduced pressure fluctuations so little that we did not consider it to be of practical value. The results are shown in Table 3 .
The Drager continuous flow CP AP system. The system was well constructed with considerable attention to safety and convenience rather than cost. Basically, the system uses separate air and oxygen flowmeters to generate gas flow of variable oxygen concentration, into a Y circuit and an Ambu valve is used to produce positive airway pressure. A pressure gauge, an air entrainment valve in case of supply failure and a 30 cm H 2 0 pressure-limiting valve are all incorporated in the housing, which is designed to attach to a Madura rail. The housing also carries a table which shows the F i o 2 at various settings of the two flowmeters.
The performance of the device was the best among those we tested. This was due to an ingenious reservoir bag, a rectangular concertina, about 25 x 20 cm, spring-loaded, so that it retracts up to the housing, slowly, without gas flow. Its compliance is high, claimed to be 400 ml.cm H 2 0 -1. The performance specifications claim ± 2 mbar (approx 2 cm H20) pressure ripple, with inflow greater than 1.5 x minute volume. Our tests confirmed this, in fact, the ripple was less than 1.0 mmHg (approx 1.4 mbar) with inflow of 20 l.min -1, which was about 1.3 x minute volume. At this fresh gas flow there was initially considerable pressure fluctuation ( Figure 3 ) for about two minutes until the reservoir reached equilibrium, but after that, the ripple was minimal. The behaviour of the system at low inflow was interesting. Up to 18 l.min -1, the pressure tracing showed the characteristics of an expiratory positive airway pressure (EP AP) system rather than those of a CP AP system. When the flow was increased to 20 l.min -1, there was a change in performance and excellent CPAP stability was demonstrated on our tests with a minute volume of about 22.5 I. The manufacturer recommends total flow of 30 l.min -1 or greater. The pressure gauge tended to show pressures 20 to 25% greater than that which we recorded. We believe this difference to be due to inaccuracy in the gauge, rather than due to resistance in the circuit. The results of the tests are summarised in Table 4 .
The Prince Henry Hospital (PHH) system
This consists in its clinical form of the Vital Signs mask and valves, connected through a corrugated hose to a humidifier and a 5-litre anaesthetic bag. It is made up of Bird parts, a one-way valve between the humidifier and the reservoir bag prevents rebreathing and another one-way valve can admit air in case of supply failure. The construction of the Vital Signs valve and the use of masks with a low pressure cuff on the face make an over-pressure valve unnecessary. If, however, it were used with a tracheal tube in place, we would recommend such a valve which is available and can easily be inserted at the circuit. A pressure gauge to show the circuit pressure is also useful. It can be driven from a blender-flowmeter combination or separate flowmeters for air and oxygen. In the latter form an oxygen analyzer, or at least a graph or table to determine the FP2 is advisable. While it has performed adequately, it required a flow of 40 l.min -1 for acceptable pressure stability ( Table  5 ). It is simple and generates little noise.
The Prince of Wales Hospital (POW) system
This system is another system which takes inflow from a flowmeter or flowmeters. It is similar in its design (by Dr. J. Lawrence) to the Sir Charles Gairdner Hospital system 9 in that the two 5-litre anaesthetic bags used to buffer the system pressure are distal to the patient, in order to reduce inspiratory resistance as in aT-piece system. This requires a flow of three times the minute volume to ensure absence of rebreathing. An Ambu PEEP valve is used to generate positive pressure and the pressure stability of the system may have been degraded by some flow dependency in the resistance of this valve. An air entrainment valve is included and a pressure relief valve is easily added to the basic system. The effects of negative pressure fluctuation during inspiration has already been mentioned in the introduction. Although the FRC increase may not be affected, the inspiratory work is increased. It is therefore reasonable to assume, even in the absence of direct evidence from clinical studies, that such fluctuation is undesirable. We therefore tested four commercial CP AP systems (Ambu, Auspap, Downs' and Drager), and two home-built systems, developed respectively in the intensive care units of the Prince Henry and Prince of Wales Hospitals. We have also used these six systems clinically. As we know of no simple objective measure of therapeutic efficacy of CP AP, we considered them acceptable clinically, as they were all tolerated by most patients and increased oxygen saturation as judged by pulse oximetry.
The performance of the Ambu system was very much as previously described by Venn. 7 Neither   TABLE 7 Summary of our findings. In the pressure fluctuation column, the variation at 10 cm H 2 0 resistance and in flowmeter or blender driven systems, at 40 I.min -J flow is quoted. For the Auspap system, the first of the two figures quoted refers to operation with an exhalation valve, the second to the Y configuration. For B in the table denotes systems which can be operated from independent air and oxygen flow meters or a blender-flowmeter combination. The pressure stability of the Drager system was flow independent once 20 I. min -J was exceeded. The more + 's in the noise column, the noisier the system. + the settings on the Ambu CP AP valve nor the indicator on the bag were very accurate, but we consider this to be of little clinical significance, as the set pressure is usually determined by the patient's response or tolerance of the therapy. The pressure stability of the system was similar to that of the Auspap, it was quiet and the supplemental oxygen inlet allows a range of inhaled oxygen concentrations to be delivered. Although we did not test this feature, it is said to be very economical of fresh gases. 7 Calculating from the final delivered oxygen concentration, the total gas flow was 4.27 times the oxygen flow. As entrainment systems deliver a mix of dry oxygen and room air, there is probably sufficient water vapour in the delivered gases not to need humidification for use by mask. When we purchased the Ambu 'complete system', according to the price list, we were surprised to find that the venturi was not included, nor was the mounting clamp, which were additionally charged items. On enquiry we were told that this was in case users preferred to adapt the system to other gas sources! Pressure stability of the Auspap system was in our opinion also quite acceptable, and only a knob had to be turned to adjust the CPAP. The independent stand was convenient.
The Downs' injector also behaved according to previously published data, 8 in that there was dependence of Fi02 on resistance level, especially when the oxygen bypass was closed. Due to the high gas flow generated, the pressure stability of the system was good. The noise level was annoying but could be muffled somewhat by the addition of a bacterial filter at the air inlet port. The effect of this on Fi02 was not tested separately, as the tests in the referenced paper included the filter. Gas economy would depend on the total flow and Fi02 settings used. The 12.5 cm valve used in the tests appears to have had significantly higher than nominal threshold ( Table 3 ).
The Driiger system performed clearly best of the six and is the only commercial system with a 30 cm H20 pressure limiting valve as well as an air entrainment valve, in case of gas supply failure. The Prince Henry system was developed as an inexpensive system, put together from available pieces, saving the cost of an expensive flow generator, as blenders and flowmeters were already available in our unit. Instead of the high output flowmeter-blender combination which delivers a gas mixture of stable F i o 2 , two flowmeters, one for air and one for oxygen, can be used. As the system requires about 40 l.min -1 for adequate pressure stability, if two 15 l.min -1 flowmeters are used, they both need to deliver maximal flows, or at least one has to be run fully open, and off scale, when a flow of nearly 30 l.min -1 will be delivered from a 300-400 kPa supply line. An oxygen analyzer in the circuit is then advisable to monitor the delivered oxygen concentration. As the system is supplied entirely with dry gases, humidification is advisable.
The Prince of Wales system was Dr. John Lawrence's answer to the lack of commercial systems in Australia. It places the plenum reservoirs distal to the patient, thus achieving a T -piece configuration. He used the Ambu resistance valve to generate positive pressure, but other valves can be substituted. Performance was similar to that of the Ambu system.
The Ambu and Vital Signs threshold valves offer readily available positive pressure valves of reasonable performance for anyone desiring to assemble their own CPAP system. We found the Ambu valve to be sensitive to gas flows, in that CPAP increases with gas flow at a constant setting. This agrees with published data, and it was also found that they are somewhat position sensitive. 7 The Vital Signs valves showed less pressure alteration with flow, but some individual valves deviated noticeably from their nominal resistance value.
For maximum safety, it is desirable to incorporate safeguards in CP AP systems against gas supply failure or possibly, against excessive pressure. Of the commercial systems only the Driiger had both safeguards. The potential of the Downs' flow generator to develop high airway pressures is discussed by Fisher, 8 
but in tests by
Jenkins and Van-Besouw lO the maximum pressure developed was 30 cm H20. In case of supply failure, the air entrainment port on the Downs' injector and the exhalation Venturi of the Auspap in the Y configuration only, would permit air entry but rebreathing would result. Furthermore, exhalation valve obstruction cannot occur with the Auspap in the Yconfiguration as the distal end of the circuit is open. Additional valves for pressure relief can easily be fitted to the Prince Henry and Prince of Wales systems. We consider an entrainment valve important, but as mask circuits will not sustain pressures of 30 cm H 2 0 or higher in our experience, pop-off valves which open at such pressures, are of doubtful value unless the circuits are attached to tracheal tubes, when they should be included. Furthermore, it is also doubtful that continuous airway pressures of this order are tolerable for most patients. Therefore the value placed on their presence or absence must be judged by the individual CP AP prescriber. Drager (Australia) Ltd. and Vleo Engineering Pty. Ltd. for their assistance. We owe a special thanks to Mr Andy Roussos of the latter company, who spent much time listening to our suggestions. found so usefuF in obstetric anaesthetic practice 2 ,4 and it also requires the use of the other hand to adjust angles. In any case, availability of this large array of equipment is beyond most hospitals. Even when they are available, being special and very limited in supply, they may not be available at the time and place when needed.
We have developed an adaptor which, when fitted onto a standard laryngoscope (bulb in blade TABLE 1 Angles wider than 90· have been useful in:
1. Fixed flex ion deformities of the neck. 2. Fractured cervical spine with patient in skull traction. 3. Obstetric anaesthesia. 4. Assistant's hand applying cricoid pressure coming in the way of the laryngoscopist. 5. Rigid screen and drape at the level of the neck and above (further difficulty due to lateral position).
